To achieve a successful and sustainable adaptation to climate change we need to transform the way we think about change. Much water management research has focused on technical innovation with a range of new solutions developed to achieve a 'more sustainable and integrated urban water management cycle'. But Danish municipalities and utility companies are struggling to bring such solutions into practice. 'Green infrastructure', for example, requires the consideration of a larger range of aspects related to the urban context than the traditional urban water system optimization.
INTRODUCTION
In the context of climate change, Danish municipalities are facing important challenges in relation to storm water management. Sewer systems are under pressure due to more frequent intense rain and runoff produced over the impervious urban areas that have grown in recent decades (Arnbjerg-Nielsen ; Grum et al. ; Mailhot & Duchesne ; Karamouz et al. ) . Besides, more attention is being paid to surface water quality for both environmental protection and amenity purposes, thus high quality surface runoff is being requested, and the increasing number of combined sewer overflows into near-urban streams is becoming unacceptable (Nie et al. ; Andrés-Doménech et al. ) .
Climate change adaptation means taking uncertainty into account in all long-term decisions in a way that climate change impacts will remain lower and more manageable in the future. This will give society enough time to wait for mitigation policies to become effective (Hallegatte ) . To achieve such a 'sustainable transition' (Grin et al. ) towards climate change adaptation we need to transform the way we think about change: 'from something that humans simply respond to and objectively manage, to something that humans consciously create' (O'Brien & Hochachka ) . The European White Paper (EC ) on climate change adaptation states: 'Evidence suggests that working with nature's capacity to absorb or control impact in urban and rural areas can be a more efficient way of adapting than simply focusing on physical infrastructure. Green Infrastructure can play a crucial role in adaptation in providing essential resources for social and economic purposes under extreme climatic conditions'. A 'green infrastructure' can be defined as the composition of a number of solutions that go beyond the traditional sewer, water supply and storm water systems, i.e. structures able to integrate water management with urban development and environmental protection by enhancing storage, infiltration, evapotranspiration and reuse of water within the urban area (Zakaria et al. ; Jensen ; Wong & Brown ) .
Many studies have demonstrated the high influence of non-physical forces for the successful implementation of climate change adaptation strategies (Smithers & Smith ; Smith et al. ; Folke et al. ; Grothmann & Patt ; Folke ; Füssel & Klein ) . Furthermore, a deeper understanding of the processes behind social and natural adaptation might help addressing existing problems in relation to sustainable development (Smithers & Smith ) . O'Brien & Hochachka () identified three critical issues to be addressed for achieving sustainable adaptation strategies: (1) the need to take into account both subjective and objective perspectives; (2) the need to integrate 'individual and collective interiority, including mental models, values, understandings, and social discourses' (social sciences), with biological, physical, economic and technological approaches (technical and natural sciences); and (3) the need for leaders and practitioners to be able to understand and put into practice existing adaptation options with the use of transdisciplinary processes where different epistemological perspectives are integrated. But while innovative researchers in urban water management have started to integrate technical, natural and social sciences into their studies (Wong & Brown ) , this is not yet the case in practice where the positivistic approach of the traditional engineer, economist and policy maker is still predominant (Fratini et al. ) . Specifically, standardized methods and guidelines to integrate different epistemological perspectives into practice have not yet evolved (O'Brien & Hochachka ; Harding ; Mitchell ).
This paper aims to describe the complexity characterizing decision making in urban water management and, inspired by complexity science and transition theory, it introduces a conceptual framework which can be used to facilitate the integration of different disciplinary approaches and epistemologies into both urban water management research and practice in order to address urban complexity and unfold dynamics for transitioning to more sustainable and climate-proof cities. The conceptual framework proposed in this paper provides the basis for future research, where it will be tested and used to understand how local authorities and utility companies may create the basis for managing and catalysing the technical and organizational innovation necessary for sustainable transition towards climate change adaptation in urban areas. The research will also consider critical issues directly involving the municipal management and the water utility companies in Denmark such as the transitions from combined to separated sewer systems and from a public to a corporatized water sector.
RESEARCH APPROACH
This paper results from several research phases: () provides a detailed description of the field work approach and methods and a first analysis and interpretation of the gathered data on the basis of theories of urban complexity. The data obtained result from a large interview campaign which aimed to investigate and compare urban water management practices in the two countries. 3. After this phase, our literature review was deepened with respect to climate change adaptation, urban water management and sustainable development with more reflected analytical lenses combining complexity theory and transition management. This phase resulted in further developments of the analysis of the empirical data from the Netherlands and Denmark producing, as a first result, the conceptual framework presented in this paper.
The paper offers a well reflected conceptual framework, which has not yet been tested in practice but which represents a strong basis to design and analyse future research aiming at understanding complexity and unfolding transition dynamics when developing sustainable adaptation strategies in urban water management.
DEVELOPING A NEW CONCEPTUAL FRAMEWORK: COMBINING COMPLEXITY AND TRANSITION THEORIES
Introducing the complexity of decision making in urban water management
In the last decade climate change adaptation strategies and assessments have changed approach to considering also non-physical issues associated with the urban context and, as such, they have become very socio-culturally oriented. In particular, when arguing for the need for climate change adaptation strategies, much emphasis is placed on terms like uncertainty, vulnerability, resilience and adaptive capacity (Füssel & Klein ; Williems et al. ) . In particular, several studies have correlated the need for climate change adaptation to the need for sustainable development (Cohen et al. ; Srivastava ) , as an attempt to connect a range of environmental issues with social and economic issues with the idea that 'addressing environmental problems can bring economic as well as social and environmental benefits' (Bulkeley ) . However, additional studies have clarified how socio-technical developments to be sustainable need to aim at increasing human well-being and equity rather than societal wealth (Hopwood et al. ) .
But why is it so difficult to implement concepts like sustainable development and climate change adaptation into practice? Observations on urban water management practice (van de Meene et al. ; Fratini et al. ) have demonstrated that the difficulties are related to the lack of skills, institutional structures and tools of decision makers to address the complexity characterizing the urban context where technical development has to necessarily interrelate with the complex adaptive behaviour of the natural and social systems (Holland ; Liljenström & Svedin ).
Conventionally, urban water management has focused on maintaining and optimizing technical performances. Usually, water engineers use models to simulate the behaviour of the urban water system traditionally placed below ground. A water engineer interviewed in Denmark explains: 'The management of urban drainage, in Denmark, is mainly based on modelling. (…) Every municipality wants to have MOUSE [a deterministic fully dynamic one-dimensional model] simulating their system performance. (…) It is used very much when they want to update their system. In particular, if they haven't got the model yet, they can't really know what the flood return period of their sewer system is.
How could they?'
With the increased uncertainties related to future scenarios, water engineers have, however, become aware that in addition to such models they need to consider the interaction of the water system with other parts of the urban area and that traditional infrastructures are not fitted alone to cope with scenario uncertainties or unpredictable changes (Ashley et al. ; Brown & Farrelly ; Brown et al. ) . Extra space and attention need to be given to water above ground in order to enhance the resilience of the urban area (Ashley et al. ; Geldof & Kluck ; Tait et al. ) . Achieving this is, however, not easy; a water consultant from Denmark explains: 'In the case of flood risk we usually design a traditional solution with open detention basins to store the exceeding water and then we send an application to the authorities. The authorities may not accept it because the city planners have decided to have a certain percentage of green areas in this part of the city and so we cannot use those areas for building a detention basin. So we go back and we have to do something underground and we have to make the wall in concrete and huge pipes and so on. Everything becomes more expensive and at the end the price of the project goes from 5 million to 100 million DKK just because the city planners decided not to implement the first solution. (…) Well, I would say, you could use the 95 million to improve the living area in the city. So if you explain to the city planners what the citizens are experiencing today and what they will experience in the future, in the end they will understand. We need to start to work together because this problem is crossing boundaries and we have common interests in the way we are going to develop the urban area.'
As a consequence the water managers have to enlarge their knowledge perspective to include considerations on the natural and the social systems when designing solutions. The complexity of decision making increases and water engineers need to cooperate with urban planners, architects, natural scientists, citizens and politicians to integrate water within the cityscape and to implement infrastructures that are sensitive to the existing water balances and which, having more functions, are also able to improve the quality of life in the urban area (Wong & Brown ; Fratini et al. ) .
However, different actors interpret and negotiate the urban space differently depending on their daily practices, their profession and their culture. These differences influence communication within the decision-making processes and because decision makers for urban water management are not prepared to address such differences, solutions aiming at increasing urban resilience are often not implemented or fail (Fratini et al. ) : 'The situation becomes more complex, [there are] more problems to be solved [at the same time] and flood loses its priority. For example, if there is a traffic problem this becomes first or maybe they prefer to construct a playground for kids instead of spending money on the drainage system. Politicians work in a short time period [5 years], and too often prefer to choose the options that make people happier' (Insurance consultant from the Netherlands).
In describing urban development, Lems () introduced two perspectives: 'scarcity' in respect to the physical space and 'complexity' in relation to the different meanings assigned by users to the urban area. According to Healey (), places and their qualities are both social and physical and as such they can be defined as 'double creations'. Both Healey () and Lems () highlight a duality when describing the complexity related to places and their quality that we will here define as domains:
• The Physical domain refers to the interrelation between natural and technical systems.
• The Social domain refers to 'collective imagination' (Healey ) and the way different interpretations of 'places' interrelate and constrain each other.
On the basis of this distinction we also identify two kinds of complexity:
• Functional complexity, when complexity refers to the physical domain where scarcity of space plays an important role.
• Relational complexity, which refers to the social domain and thus to the different perspectives of the actors involved in decision making.
To address functional complexity where both lack of space and the need to fulfil a large range of societal needs play a role, multifunctional solutions, which are able to integrate water management with urban development and environmental protection by creating a more green water infrastructure, are probably necessary. However, such solutions can contribute to address relational complexity and achieve urban sustainability only when implemented with the use of transdisciplinarity where the existing variety of perspectives is equally integrated in the decision-making process. There is, thus, a need for approaches that enable decision makers and researchers to address complexity and organize such processes (Fratini et al. ) .
Three epistemological levels to address complex adaptive systems and their transitions
The duality introduced when describing the complexity characterizing decision making in urban water management entails two different epistemological approaches to observe, analyse and address it. Complex adaptive systems are characterized by many features, one being non-linearity (Holland ), and Liljenström & Svedin (), in particular, discuss their 'layering' characteristics. They explain that in complex adaptive systems different phenomena can appear at different aggregation levels and spatial scales while other relations can arise between the system as a whole and other systems, which may also be layered. New and unpredictable qualities, which cannot be reduced to the properties of the components at the underlying level, emerge at every level (Liljenström & Svedin ; Rotmans & Loorbach ).
In traditional science, the interpretation of structures has been approached in two ways:
• top-down, when larger systems or higher levels have shown to control smaller or lower ones (e.g. determinism of classical physics).
• bottom-up, in which micro diverse and unpredictable phenomena set the conditions for what is observable in larger systems or higher levels (e.g. randomness and stochasticity in biology or meteorology).
These two epistemological approaches have, in the last century, developed the idea of two main levels of knowledge: a 'deterministic macro-world' and a 'stochastic micro-world' (Ulanowicz ). However, this bifurcation of knowledge has shown not to be enough in dealing with complex adaptive systems. The dynamics of natural and social systems, defined as complex adaptive systems, need to be addressed in the context of complexity theory (Kay et al. ) . Already in biology, social evolution and economy, studies on hierarchical systems and social behaviours have shown that development is happening as a consequence of dynamics that can be explained neither as linear cause-effect reactions nor as the outcomes of a stabilization process of micro phenomena within a larger equilibrium (Arthur ; Ulanowicz ; Klijn ). These observations suggest the existence of a third epistemological domain defined as the meso-level, i.e. the span in between the micro and the macro levels, the domain where bottomup meets top-down and new incoherent patterns emerge that are better suited to address the adaptive dynamics of complex systems like nature and society (Liljenström & Svedin ).
In urban water management, decision makers need to integrate micro dynamics, being the uncertainty and variability characterizing the social and the physical domains, with the already existing macro structures of decision making, being deterministic rules and technical know-how. To do so they need to operate at the meso level by investigating dynamics and identifying emerging patterns better suited to address functional and relational complexity. A new approach has to be adopted.
Inspired by Geels () and Liljenström & Svedin () a multi-level approach to knowledge is introduced. Geels' model deals with socio-technical transition but in this paper it is adapted on the basis of a different interpretation of macro-meso-micro, inspired by Liljenström & Svedin (), whose interpretation was found better suited to address the complexity of adaptive systems like nature and society. Furthermore, we adapted their conceptual frameworks in order to integrate different epistemological approaches to address the complexity characterizing urban water management in relation to the physical and social domains, defined in the previous section. As a result, when dealing with functional and relational complexity, the process of interpretation of 'reality' occurs at three epistemological levels (see also Figure 1 ):
• The macro level is the domain of rational knowledge and hierarchies where the decision makers need to deal with general laws that could be physical (e.g. Newton's law), legal (e.g. directives and standards) or technical (e.g. model optimization). Here, socio-economic and technical development is the driver for change. At this level, positivistic approaches aim at describing the 'real world' by striving for an objective and yet simplified description of reality and producing knowledge independent from context.
• The micro level is the domain of stochastic processes, social perception and tacit knowledge. Decision makers need to consider variability and unpredictability of natural phenomena (natural sciences), but also culture and its diversity (social sciences). Story-telling from people's life and their interpretation of reality plays an important role. Here, useful epistemological approaches are social constructivism, ethno-methodology, hermeneutics and phenomenology. Within this domain, knowledge is subjective and strictly related to context; but it provides a deep insight into the specific area and context under study.
• In between macro and micro is the meso level. Decision makers need to fit the macro and micro levels into practice by taking into account both functional and relational complexity. They need to identify patterns, find possible pathways and strategies to fit macro and micro approaches, tacit knowledge and technical development, and people's perceptions and interpretations of reality in the local implementation of model results, national standards and international directives. At this level, decision makers and researchers need to be pragmatic and take an active role to enable and guide the transition to more integrated and sustainable approaches to climate change adaptation.
This conceptual framework will support research in order to exemplify and discuss the way different approaches to knowledge and practice can be integrated with the use of transdisciplinary processes. Ontologically this research looks at the world with a critical perspective where reality is not stable but fluid, and this is why it considers transition as a continuing cycle, passing from a punctuated equilibrium to another. In this process, macro and micro knowledge need to be continuously integrated into the process driving the change at the meso level. A lot of emphasis should be drawn to the need for models for sustainable transition that consider local resources and challenges together with the global agendas (Myllylä & Kuvaja ), where stakeholders' participation and individual perspectives play an important role. Such a combined approach, where social, natural and technical sciences, objective and subjective perspectives and individual and collective strategies are involved, should be considered as a transition cycle where information and actions are integrated with the use of transdisciplinarity in order to create a strong connection between research and practice. Such an approach has been found to be necessary to analyse, describe and probably guide local transitions to more sustainable and, as such, climate resilient urban areas (O'Brien & Hochachka ; Fratini et al. ).
A PROPOSED APPROACH TO DEVELOP SUSTAINABLE ADAPTATION STRATEGIES IN URBAN WATER MANAGEMENT
Much contemporary water management research focuses on addressing functional complexity with a range of technical solutions, as for example green infrastructures, developed to achieve a sustainable use and transport of water within the cityscape. However, the focus of future research should also be drawn to address relational complexity by describing present practices of urban water management and identifying opportunities and barriers for sustainable transitions. This is expected to produce a valuable contribution for a large variety of disciplines in the social, technical and natural sciences and to help municipalities and utility companies enable sustainable transitions into practice. With this purpose, the structure introduced in Figure 1 has been used to develop a more practical framework, in Figure 2 , for research and practice in urban water management. This framework aims to identify the functional and relational challenges of decision making and to address the complexity of adaptive systems when developing strategies for transitioning to more sustainable practices and more climate-proof cities. Here macro, meso and micro approaches are explored and iterated along the whole research and/or decision-making process.
To give a practical example, we describe the research process designed to investigate water management practices in Denmark, done in collaboration with the utility companies managing the municipal water systems chosen as case studies:
• The first phase of the research is dedicated to collecting macro knowledge such as existing international, European, and national literature regarding climate change adaptation, urban water management and governance, existing policy documents, available technical tools, etc. This is done by reviewing both scholar and grey literature, organizing ethnographic interactions with both the municipality and the utility company and by validating the results of the observations through factual interviews with key experts.
• In a second phase, an actor analysis is performed based on qualitative data collected during an interview campaign. The aim is to collect micro knowledge to give a first description of the situation the utility companies are facing in managing water in the areas in focus. Who are the actors involved? What are the existing formal and informal interrelations and what is their influence on decision making? What is the local water governance model and approach to decision making? How are available technological tools used? What is the relation between the utility companies, civil society and the municipal management? How does international and national regulation influence work at the municipal level? How is all this influencing decision making and implementation in practice? These questions are asked directly to the actors involved and the desired data are their perceptions, opinions, mental models and stories, which describe the reality they construct through their daily practices. This knowledge is extremely contextual and provides a deeper understanding of the way the relevant actors relate to their surroundings, and it is expected to unfold challenges and opportunities for the actors to innovate and/or change the way they think, act, relate, collaborate and work.
• During a third phase, the data and information collected within the micro dimension will be analysed and elaborated to identify patterns to be considered and used within the meso dimension. Consequently, several workshops are organized together with the actors involved in the case studies. These 'social laboratories' have the aim of sharing macro and micro knowledge and developing new ideas within the meso dimension. If necessary, macro and micro knowledge will be explored again, after this experience, and reintegrated in a new meso process. A workshop defined as a 'social laboratory' can be interpreted as an arena where ideas are exchanged and developed, where new information, mental models and negotiations are created, and where 'the various relevant social groups could challenge each other's arguments, and communicate their interpretation of the problems directly to the other groups and the researcher, who becomes a member of the social laboratory too' (Elle et al. ) .
A learning process as described above is considered a fruitful way to develop proactive strategies for sustainable transition towards climate change adaptation in the urban area. Factors that have been found to be relevant in organizing such a process are: the parallel integration of qualitative and quantitative knowledge, the acceptance of existing different epistemological perspectives in regard to information and problems, the identification of existing social networks and the investigation of the actors' personal stories and perceptions. Furthermore, a direct and active role of the researcher in the local practice is considered to be fundamental to understand the complexity of the urban context and unfold existing transition dynamics and thus proactively contribute to sustainable and adaptive strategies for urban water management in collaboration with the local practitioners. Nevertheless, a reflection on the researcher's role along the process is necessary. The researcher's perspectives, attitudes and presence, even if just as an observer, are unavoidably influencing the process, e.g. by interacting with the actors during an in-depth qualitative interview (Davies & Harré ) . As a consequence, it is important to take such an influence into account when analysing and describing the process.
CONCLUSION
The results of this study show that the implementation of sustainability and climate change adaptation in urban areas is difficult because decision making to achieve such goals needs to take into account both physical and social aspects. As a consequence, water engineers in both research and practice should not focus only on analysing problems and finding solutions by using the top-down, deterministic and positivistic approach they have traditionally been trained for in order to address the functional challenges. They should also start to engage more proactively with other disciplines (social sciences, urban planning, architecture, biology etc.) and epistemological approaches (constructivism, phenomenology etc.) that are better suited to address the relational complexity characterizing decision making. To do so they need to be open to and contribute to organizing opportunities for such engagements and develop skills and tools to facilitate, describe and analyse the resulting learning processes.
In this paper, three levels of knowledge, defined as macro, meso and micro, are introduced to address the complexity characterizing urban water management in the context of climate change and sustainable development. On the basis of the macro-meso-micro pattern by complexity and transition theorists, a conceptual framework was presented as the basis for tools and guidelines to be developed for organizing transdisciplinary processes for sustainable transition towards climate change adaptation in urban areas. Here, different disciplines and epistemological approaches are integrated enhancing iterative learning processes. The framework has not yet been validated but it is currently being used to organize research processes aiming at understanding and guiding transition dynamics in urban water management practice in cooperation with a water utility company and two municipalities in Denmark. The final goal is to develop local meso strategies with the use of transdisciplinarity considering individual and collective rules, subjective and objective perspectives at the same time. The results are expected to contribute to the innovation of the urban water sector both in research and practice in order to mainstream more integrated approaches to develop adaptive strategies for transitioning to more sustainable and climate-proof cities.
